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Actd l; I’GAs al c VCI y a[[tac{ivc  to spaccc[aft  dcsip,ncis  and itldccxl al c it)cludcd  01) [l)atly  ])laIIIIcd

[nissiotls  I 10  W C V C I, as Ili{;ldy-smicd,  cotlllllcfcial,  1)011  Iadia[ioll  lIatdc IKxl dcvius, [Ilq’ ale
acuoillpanid  by a va[-icty of ’[adiatioll issues. JllcoljJoi;l[if)g  a L]ilicluc  atd paicll(cd  “dlllil~lsc>”
technology. tllcy IIMy also pIcscIIt  special pIoblcIIIs.  lIKlcc,d, il] tlIc COUI sc 01’ loulil~c  S1;. [;. tcstil]y
wi[ll Ilcavy io[ls, a ilcw l’aiilllc IIIOd C W:IS c[lcoutltclcd  I 1] wllicll  Llltil)la[cly  was Icla[d IcJ i{)ll-
ilduccd IUp(LIIC ol’al~lill}sfx  12] and IIa]llcd  sill::lc CVCIII  diclcc[lic  IU1)ILIIC  (S1;,lll{) II)( ils sit]liloli[y
[(> :,atc IUIJILIIC (S1lC;I{)  SCCII ill ])OWCI AI C) SI; I,’I’S Ie y, .3 at)d zIJ
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No[L~ tllc ;Is(ct isk iil~iic;ltm [IIC Il~:IIIIx “CCIIICI”  of, bI:Is= 5V, sim 1,() llliclol~. i):ltictll-  ait~t Im[ity.
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“cilcu]ar  area dcfitd by tk line widtl~, The antifllse didcctric is a thin sat]dwich [J1’c)xi(lc-]]itli[lc-
OXi(l COr ON() llKXLSUJI1lg -80 to 90 angstl-om cjxi(le-c[~Liivalcl~t tllicktlcss.  A typical I;l’GA design
will llavc  a fcw per cent ofthcsc comcctmi  via clcctl ically induced diclcctl  ic bfcakdown  (01
Iuplu Ic), A I“andoln unconncctd  a[ltifllse will l~c biased W1lCI1  tl~c ]t)~gic ]CVCIS 011 tile two Gf’ossillg
COllducto[s  al c difl’c[cnl  Wllicil  oLJviously dcpcI)ds 011 tlic duty  c,yclc :111(1 pllasc of [Ilc two sigtuils
‘1’IIcIc alc ]llally ofthcsc unconnccld  antifhscs: -1 “/5,t K)0 fc>l lk!Osl --650,000 fbi 1280s, ald
-550,000 fol 1460s.

opc[atillg within tllc 5.5V spcc litnit, [Ilc clccti  ic field on tllc il]sujatillg ONO ofa biased alltililsc is
about  6 MV/cm ill Inagnitude,  citllc[  positive 0[ Ilcgativc,  All Ll[l(lcsi!ccl colll)cctioil  OCGUIS wI]c!]  a
llcavy  ion “[>1 caks” a [)iasccl  a[ltiiilsc.  ‘1’IIc syIl]t)[oI]]s  Oj’SUCjl  a coil[lcutic)n  Call bc bc[]ign with a
sn]all Cul I-cnt il~c,l case Ol]]y, il)tc]  Illittcnt ({L]c to I c(iuccd tillli[lg, :lf]ci Vc)itay,c  111:11  gins, 01 ila[ d Iaults
Obviousiy,  tile scliousncss  ofa i)atticuiar Sljl)l< (iCi)CIICiS 011 ciICL]it  c~)llsi(icra(iolls  su[loull(iillg  Ille
ilcavy  ion i)[ Ogl-almncci alltifusc,

l’;.l])(’I’1l)ll’l ll(il App”o(lcll

“1’0 Illcasul’c c10ss sccliolls f~)I  a (icstructivc iJilCIIOllILXICIII  iikc S]{1)1{,  it is illlimltallt to cstablisil  a

tcsl [lwtiloci timl allows coiicctill~  aild cou[ltil~~~, a slatislicaiiy si}~,tliflrailt Ilulnbcl 0[ cvcllts, ‘1’ilis i s
i)a[ tic,uia[ ly 1)1 o[)iclnatiC  in SI{G1< [cs[i]lg 01’lK)wcI MOSl~ll’J’s  wilcte ti]c tcs[ dcvicc  is dcstl oyd
“1’ilc two Illost  illtc[csti[lS  asiIcc,ts  O f  tilc apploacil oflilis il]vc,stiy,z~{iolt  alc tile tcs[ (icvicc  i>l”oy,lall]
and tllc  Illctllo(is  fbl- countiI]g S]{1)1< cvcIlts,  Si(lcc llll]ltipie  C\JCIl[S  \VCIC accL1l]lui[ltc(i 011 ill(ii\liCiLial

tLXt (icviccs,  Cal c was takc[l to c[NLIlc tilat tile CIOSS SCL lion iowc[  in}! callscci oy tile i)lcvious C,vcllts
was Dot too  ialy,c,

‘1’ilc test l~l)GAs  WCI”C  plop,la[lltllc(i  as silifl  I“egislcl”s  wilil (illos[jy) [1 i})]c lllOd UiC ICdUll(i:lllGy

(“J’Mi<).  liach ‘J’Mi{ sl~ift  cicmcnt  nccci oniy  have two c~fthlcc  ilip’floi)s  functionitls  fol tile tcs[
cicvicc  to co]]timc woI-ki[]~;, and sitlgic flip/flop hilurcs  would not cl Iaf Igc the biasing 011 [he
substal]tial In:ljo]ity  of tile z~ll[ifllscs. SOIHC  (!ct~]iis  oftilc ‘l’Ml{ dcsi~,tl  GIII k fbLlll(i ill ]{cf,  i

J)ulillg iltadiations, a  pattc[n ( a l l  OHCS,  fill 7,CIOS,  01
-  altctllatioljs) \41as  c l o c k e d  lluough tlw s]lift

Icgislcts  wili]e SliLJs WCIC c,oulltcd and scglne[lt  f[iiiul’c.s WCI”C  llotcd A cl udc Count of S111)1{
CVCIIIS could  bc nladc fIoin the st[ii> chal ts Of t)]c dyl~at)lic  CL!] [cl~l dl atvl] (SCC I;ig,ulc  2)

Aci(iitiollailyl  two O[ilCI S}.])]<  coL][ltil]g ]llctilo~is il:IVC IICCD CIII1)]L)yCIi  Jilst, cnlissio[l  Illicloscoj)y
Iccillli(iucs  (J; ML41) Ivmc  clni>loycd to idcl~lify  iligi) cui i CI1[ nodes. ‘1’I)osc no(cci  at alllilhsc
localiol]s Collcspoll(i to (ia[nap,c”sitcs. ‘J’ilcsc hip,h cu[l(nt  no~ics coul(i  k tufncci OH atKi oll’witl)
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~;igu[c 2. c~ulrcllt  (iuli[lg  llIa(iiation of 1280A l)cvicc  (s/11:350)  to a I; IUCIICC  of 2,$}i5/s(i,  Ct]l of
iodine (I,li’1’= 60 Mcv pcr mgjsq.  un). otllcl pat-alnctc[s, 5,5V, i oom tCIIIpCI atutc,
1.0 nlicloll, 2.5 N4i17.,  altclnatitJg  ilaitc[n, .



z.pprop[-iatc  vectors in tlm ‘I’MI< shifl rqgistcrs. Second, an ]1)1)<) tec]lniqll C WaS dCvCIOpc(l

consisting of walking a one (and, later, a Z, CI-O) through l-ach shift dcIIIcnt  against a backg[ OLInCi  of

the opposite state in all the otimr cicmcnts.  It was found that lilis was vcI y rcvcaiingl yiclciing,
f[om ti]c size and magnitu(ie  ofthc curlcnt  chang,c 1-01-  c;IciI cicIIKv1t,  tlic most exact numbcu an(i
tyi)c ofion-in~iuaxi  contlcctions,  l)ctails oftilis  tcc.imiqllc  will be fc)[ll~conling [5]

Ri’.vltli.$’

Rcsuits fol tile 1280 (icviccs alc sunlnlari7,cci  in Tabic 1. (’1’hc fl]ii  i>aJ)c[ wiil  cxi>and  tilcse,  as well
as pl escnt rcsuits foi- 1020s an(i 1460s. ) ‘fhc CIOSS sections givm at c based on tile
95°/o-confictcncc-level wo[-st-case vaiuc foI- the cxi>cctcd numbcv of Si i)]{ sites f[om tim obscwe(i
number, ~’his Poisson t[catmcnt  is neccssaly  because 01 tile smail aclual lll.InlbCt-S O to 30

‘] ’AIN.1: 1. S1:1)1< CIOSS Section Variations fol 1 i~i]t l)a[ amctcIs on tile Actci i 2S0

gsyo  WOK{  c:~Sf2
Cross Sectiolis (cmz)

Parameter: # tested Mean Mln Max. Note— . — . . . — . — .  — ..— —— ..—.
Ion: Au (LET= 82) 1 8.7E:-4 5 v

Xe (LE1 =63) 1 2.0E15 5 v
I (LET”= 60) 5 2.2E:-5  1.1[;-5 4 . 5  E - 5  5V
Br (LET= 3 7 )  _l,_ .s~O!<?_. 5V———.—.
Xe (LET= 63) 9 1 .5  E -4  l.l E-4 l~9E-4
Kr (LET= 40) 2 2.3 E-7 1.8 E-7 2.8 E-7
Br (LET=-37) 2 6. OE:-7 1.9 E-7 1.OE-6——-. —.-— —— -——

Angle: 0 degrees 5 2.2 E-5 l.l E-5 4.5 E-5 5V, LET=60
45 degrees 1 4.9E!-6 5V, L ET”=60— . -—-. ——--— . . . .

L o t :  UIH96 1 1.3 E-4 1 EI-=60
UIH58 1 1.2E:-4 1 ET’60-.. .
U1H58 1 1. GE:-~
UIH80 3 1.7EE-4 1.5 E-4 1.9 E-4
U1H82 2 1.5E:-4  1.4 E-4 1.5 E-4
UIH83 2 1.4E=-4  1.IE-4  1.6 E-4——. — .— --— .. —---

Size: _l.O micron 1 2. OE~-5 — 5V-.. . .  .
1.0 micron 5 2,2EI-~ 1.IE-5  4.5 E-5 5V, LET=-60

1.2 micron 1 8.5E=-5 5V, L.E1 =60-—.
1.0 microtl  - 9 “1.5[s-4 1.lE~4 1.9 E-4
1.2 micron 1 1.2E;-4— . —- —--— ——.— — -—-—- --———

Bias: 5.5 v 9 1.5 E-4 1.IE-4 1 . 9  E - 4
5.0 v 1 2.0[=-5
4.5V , 1 4. OE:-7-———.
5.0 v 5- 2.2 E;-i-” 1.IE-5 4.5 E-5 l.El =60—— — — —  - - -

Temperature: 30 degrees 9 1.5E;-4 1.IE-4 1.9iE-4
100 degrees 1 1.4E;-4— . — .  — - .  —.-. ———. ------

Frequency: 2.5 MEi7 5 2.2E;-5 1.IE-5 4.5 E-5 5V, LE”I =60
0.675 Mtk 1 1.8 E-5 5V, L. ET=60-—-.—. .——  — —. . ..- . .

Pattern: alternating 5 2.2 E-5 l.l E-5 4.5E -5 5V, 1 ET =60
aii zeros 1 7.4 E-G 5V, LET’60
ail ones 1 1.6 E-5 5V, LE-I =60— . . — —  —

Except where specifically noted in the “Parameter” or “’Note” columr]s, the parameters
.———  .-. .— . ..- ——

are: lon=Xe (LET=63),  Arlgle=O degrees, Lot=various, Size’ 1.0 micron, Bias= 5.5V,
Temperature=  30 degrees C., Frequency  =2.5 KfiHz,  Pattern’alternating.

Note: All LEils  are in MeV  per mg/cm12. . .
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“1’hc p[escnt  apploach  works reasonably well, Ialiins adiantagc  ofthc ‘1’MR design to maiutain
fllnctionalit  y even with several l-LlptuI cd anti fuses }Iowcvel,bcttc[  statistics aI](llll(>l  caccLllac}’  ill
the counts of biased antifL1scs  arcdcsilablegoals  Onc attcnlpl  at acl~iet’i]lg  tl~oscgoalst]sit~g

1 ~goA ( 1,0 IIlicl 01]) dcviCCs tLlr-IICd ~1] tt~~ p[~g,ralll,~lillj,,  llass tl allsistt)l  s so that cssclltiai!y all tll~

atltifilses wcle biased with an cxtclnal  souice applied to the Vt)p pin [Jllfortunatcly,  inthislllode,
l:l[gcsllsccjlti\Jiliticsto1:ltcllLlJ]a1l(icorlt1oll-cgistc1  l)j>scts  illtc[fc[  c(l, ll];lkil]g cC)llcctic>Ilo  l`S1{l)l<
data Llmeliahlc,  (Note that SIil, has !lot been obscrvcc{  during extensive illadiations  for the 1280A
in no[mal opcl-ation,  implying that the susceptible al ca is only used dut illg programming. ) IIiasing
Inost ofthc anti fllses using the logic IIIOCIUICS’ oL1tpLlts  by p[oglallltllill~,  a few sclcctmi anti fllscs has
i>l oven mole SLICC.CSSfLl], yielding Icsu]ts consis(enl witl~”thosc  allcady discussed ‘J’bough this
Illcthod lcqui[ cs tllc use of citllcl  tllc 1; N4N41 or cu[lcl)t  stlip ctlal  1 tccllniqucs  to count  the [uptul c
sites, it is tllc plcfc[rcd choice fot flltu[e tcstin~,

Of’the palanlctc[s investigated, only bias, no] mal I ,1{’1’,  ancl angle cx}libitcd  strong  enough cfTccts
to be consi(ici-ed  significant, given the inhe[cnt statistical unccl taintics Susceptibility to S1;1)1<
incl-cases  lapidly  with an ion’s no[-mally  incident 1 .1; ’1’ a]ld with applied voltage. 1(01 a given ion and
cncl”gy, susceptibility falls sharply as inciclcnt  atl~le deviates fron} pel I)cndicu]ar- to the silicon
surface. othcl  clcpcndencies,  if iiny, al-e more sLlbtlc

l;olding these cicpcndcncics  into a calculation of the ] at~ of Slil)l{  in tllc  1 OOA wc)l st case [;[l<
cnvilonnmnt  yields vcf y low nun]t>cl-s:  less than 3X 10-5 per device-yea!  fol 1280s and 7x 1 0-(’ fol
1020s assuminp,  opclation at o] IJC1OW  5.5\~. hlotc  two additional &sulnptions  that a “real” design
has no nlo]e than s times the avc[agc  nLmlbel  of biased antifLJscs Iclativc IC) the test design and ttlat
the heaviest fi-actions  of the CiO{ envil  onmcnt al-c Iinotvn  to ~’ithitl  a factol of tlucc  [6]. ‘1’hLls,  onc
can conciu(ic that, altlloLlgh  the mistcnce of this ncw h~avy iot] illducc[l  failure mcchanisnl  is
somewhat disturbing, the inclclncn[  in ]nissio[l lisk frolll  S1{1)1< is very sinal].  llvcn the eight  Illontll
Mats l)athfinclc[  pl-imary mission, a rather cxt[enlc  case having scvcl)tccn 1280s in single-stl iny,
mission-c[itical  ci[cuitsl  has a 99.960/0 chance of not exl]ciicncin:,  an S1{1)1<

“J’hcsc  [csulls apply to all fcatule sizes ofall falnilies of curlcntly avai]ablc, conllnetcial quality
Actcl devices, consistent witl] minol- dificrcnccs  i]] tllc antifllsc. IIltcl  cst in using tl]csc l; I)GAs in
mdiation  cnvil om]]cnts is quite lligll ‘1’llus, l)llillips 1 .a[mrato[”y  has c~)lnlnissioncd  1 ,0[ al to p[oducc
them LlsinS theil t i~(liatioll-l]al(lcllc(l  ploccss.  1 lowcvct,  S111)1<  susccj)tihility woLild be csscl]tially
unchanged unless special steps (such as thickening the ;Intifllsc)  alc take!l As a conscqucncc  of
this work, 1,01 al is cvalLlating  strategies fbr SIII)R haldcning

l<eji’l”c’lli.’(  ’.v
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